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This paper aims to explore the impact of multiple cropping on farmers’ welfare level and provide the theoretical and empirical basis for solving relative poverty in rural areas in the future. The paper uses data from the field survey of 1,120 farmers in Hubei in 2018 and uses the Endogenous Transformation Regression Model (ESR) and generalized propensity score matching (GPSM) model to construct a counterfactual framework. The paper analyses the effect of multiple cropping on farmers’ relative poverty and examines its mechanism. The result shows that: Multiple cropping of farmland can reduce the relative poverty of farmers through the mechanism of yield improvement path and factor intensification path. Under the counterfactual hypothesis, the relative poverty of farmers would increase by 28.43% if the farmers who participated in the multiple cropping did not; and that the relative poverty of the farmers would decrease by 29.57% if the farmers who did not participate in the multiple cropping participated. From the perspective of multiple cropping, the poverty reduction effect of multiple cropping in paddy fields is higher than that of dry land. From the perspective of the degree of multiple cropping, the poverty reduction effects of paddy fields and dryland will experience an increasing return to scale as the multiple cropping index increases. When the household equivalent scale adjustment coefficient is not used to eliminate the impact of family population structure on the “family per capita comparable income,” the artificially high results estimated by the model cannot truly reflect the poverty-reducing effect of multi-cropping of farmland. This paper argues that the government can guide farmers to choose the suitable mode of multiple cropping to reduce farmers’ vulnerability to relative poverty.
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Introduction

Eliminating poverty is a common mission, and China has achieved a world-renowned miracle in solving the problem of rural poverty. In 2020, China achieved the strategic goal of building a moderately prosperous society in an all-round way, with all rural poor people lifted out of poverty. However, this does not mean that China will not experience poverty after 2020 (Tan and Tan, 2021). In 2019, China’s per capita GDP was already in the ranks of upper-middle-income countries, but its current poverty standard is far below the moderate poverty line of $3.2 set by the World Bank for lower-middle-income countries. This means that China’s recent poverty reduction achievements will be greatly reduced if measured by the high-income poverty standard. Even though China has done a lot in solving absolute poverty, the problem of relative poverty still exists (Fan and Zou, 2021). The problem of relative poverty in China is a prominent, deep-seated contradiction that restricts the development of poverty-stricken areas, and poverty occurs from time to time (Su et al., 2021). Therefore, poverty reduction in China still faces many challenges. The task of poverty reduction in China remains daunting, and it is increasingly difficult to reduce poverty through traditional anti-poverty measures. With the decline of land’s social security and income-increasing functions, farmers’ investment time and labor on land continues to decrease, leading to a serious decline in land utilization or even abandonment. The problem of farmland supply has become a major constraint for promoting industrial poverty alleviation smoothly. The resulting “non-agriculturalization” and “agriculturalization” are bound to affect the achievement of agricultural modernization. Has rural land really become a shackle that hinders the development of farmers? What kind of role should farmlands play in relative rural poverty management? Answering the above questions scientifically has significant implications for formulating farmland policies and the future governance of relative poverty.



Literature review

Farmland has always been the material basis for farmers to survive and develop, and plays a basic social security role for farmers. The use of farmland directly affects farmers’ income and poverty (Cai et al., 2019). At present, researchers mainly focus on the impact of farmland consolidation and farmland transfer on poverty (Yan et al., 2019; Zhang et al., 2020, 2022; Wang et al., 2021). Generally speaking, the fragmentation and over-cultivation of farmland will lead to the loss of agricultural production efficiency, accompanied by the phenomenon of spatial aggregation of poverty (Strier, 2019; Aruna et al., 2020; Liu et al., 2020). Farmland consolidation can improve farmland quality and agricultural production environment through farmland reclamation and farmland development (Chen et al., 2019), thereby increasing farmers’ natural capital and household income and alleviating farmers’ poverty. However, the differentiated goals of different farmland remediation models will lead to different poverty reduction effects (Liu et al., 2017), and the public-private partnership (PPP) model has a better poverty reduction effect than the government-led model (Wang et al., 2019). The transfer of farmland will affect the poverty of farmers (Zhang and Sun, 2018), improve the scale operation of farmers and promote poverty reduction through economies of scale (Wu and Lin, 2018). However, the transfer of too much farmland will increase farmers’ investment, resulting in increased investment risks and poverty incidence for farmers (Peng and Zhang, 2015; Wang et al., 2021). Farmers who have transferred their farmland will have more time and energy to increase their income and reduce their poverty through various concurrent business activities (Cai and Xia, 2019; Mihai, 2020; Zhang and Meng, 2021).

Multi-cropping is also an important aspect of measuring farmland use, but there are currently few studies on the relative poverty of farmers and more on the impact of multi-cropping on agricultural production (Battisti et al., 2020; Guo et al., 2021; Shi et al., 2021). From the perspective of farmland systems, scientifically improving the multiple cropping index of farmlands and excavating the potential for intensive utilization of farmland is one of the important ways to increase agricultural production and farmers’ income (Tang et al., 2010, 2015; Wu et al., 2014). The research on the multiple cropping index of farmland has become a frontier and hot research direction in the fields of geography, ecology and agronomy. On the one hand, under the condition that the total amount of farmland remains unchanged, the multi-cropping model can efficiently utilize the existing farmland resources in time and space, thereby increasing the planting area and increasing agricultural yield (Liu, 1997; Xu and Liu, 2014). For example, systems with multiple harvests of the same crop are denser in some Asian rice-based systems, while others are more diversified (Xu and Liu, 2014; Liu et al., 2015), with different types of crops growing together or sequentially and interacting. Higher diversity is expected to increase the sustainability of crop production (Yan et al., 2005; Wu et al., 2007; Li and Li, 2012; Huang and Sun, 2017), pest regulation (Liu, 2002; Zuo et al., 2009; Erb et al., 2013), resistance to climate events (Fan and Wu, 2004; Rogstad and Pelikan, 2013), and reduce fertilizer use in associations with legumes. All of these can also increase production or profitability in the short or long term (Asfaw et al., 2012; Sheridan et al., 2017; Zeng et al., 2020). In cropping systems with a wide variety of crops, multiple crops also allow for the spread and diversification of risk to suit different growing seasons and different crops for personal use or the markets (Rana et al., 2007; Timo and Anni, 2013; Michalscheck et al., 2018). Studies have shown that China’s multi-cropping accounts for 50% of the total farmland, its sown area accounts for about 2/3 of the total sown area, and the crop yield accounts for about 3/4 of the total output (Wang et al., 2022; Yin et al., 2022). Improving the multiple cropping index is one of the important factors for the continuous increase of agricultural production, and has played an important role in ensuring stable agricultural production and reducing poverty (Zhang et al., 2019; Mustafin and Kantarbayeva, 2021; Sun et al., 2021).

On the other hand, multiple cropping patterns and their changes have an important impact on the geophysical and geochemical cycle processes of terrestrial ecosystems, driving regional ecological environment changes (Byela et al., 2021; Xiang et al., 2022). Multi-cropping of different crop combinations will increase the stability of farmland planting systems and improve nutrient recycling and reuse (Amin et al., 2016; Augustine et al., 2018). However, the excessive use of pesticides, fertilizers, and production facilities will lead to soil pollution and reduced water quality, thereby increasing greenhouse gas emissions and destroying the ecological environment of the region (Huang and Sun, 2017). In addition, planting second or third season crops may increase the risk of crop failure (Yang et al., 2010) and drive up production costs (Shi et al., 1998; Zhang, 2000), thereby detrimental to agricultural production and poverty reduction.

The efficiency of farmland use will affect the production efficiency of agriculture. Very low agricultural production efficiency will make agriculture fall into a vicious circle of “low comparative income–low agricultural enthusiasm–low farmland utilization rate–increased poverty of farmers.” (Zhang, 2000; Mthethwa and Wale, 2020; Tang and Cai, 2020; Wang et al., 2021). The key to breaking the vicious cycle of involution in agricultural production is to improve the utilization rate of farmland by farmers. The manner, degree, and intensity of farmland use are all ways to improve the utilization rate of farmlands. The first can be attributed to the question of “what to plant” on farmlands, and the latter two can be attributed to the question of “how to plant” on farmland. Due to the production conditions of farmlands, planting policy guidance, and planting habits, farmers will not change the planting structure of farmlands in the short term. This means that the utilization rate of farmlands will not be affected by “what to plant” in the short term. The degree of farmland use generally refers to the degree of multiple cropping of farmlands, and the intensity of farmland use generally refers to the input of agricultural production factors such as labor, time, chemical fertilizers, and pesticides. The increase in the degree of multiple cropping is usually accompanied by an increase in agricultural production factors. As such, the core of the problem of “how to plant” is the index of multiple cropping of farmlands, which is also one of the effective ways to improve the utilization rate of farmlands and increase the comparative income of agriculture in the short term. Therefore, multiple cropping should alleviate poverty to a certain extent.

In recent years, the comparative efficiency of China’s agriculture has been low, and the enthusiasm of small-scale farmers in farming has also declined (Xu and Liu, 2014; Xiang et al., 2019). The multiple cropping index of high-productivity high-quality farmland in many plains in China is declining (Li and Li, 2012; Xiang et al., 2019). Coupled with crop rotation and fallowing in some areas, this has resulted in a decrease in the actual sown area (Zuo et al., 2009; Yang et al., 2010), which to some extent offsets the positive effect of the increase in yield (Shi et al., 1998; Huang and Sun, 2017). Therefore, it is of great scientific value and practical significance to rethink the multi-cropping of farmland to improve the utilization rate of farmland and reduce poverty given that the extensional expansion of farmland is difficult to meet and the increase of grain yield per unit is more difficult.



Materials and methods


Introduction to the study area

Hubei Province is located in the south-central part of China, and its terrain is an incomplete basin surrounded by mountains on the east, west and north sides and a low and flat middle. Mountainous areas in Hubei Province account for 56%, hills account for 24%, and plain lake areas account for 20%. Most of Hubei Province has a humid subtropical monsoon climate, and the geographical distribution of precipitation shows a decreasing trend from south to north. The main crops in Hubei Province are rice, cotton, rapeseed and soybeans. In 2021, the added value of the primary industry will be 466.167 billion yuan, and the per capita disposable income of rural residents will reach 18,931 yuan. Hubei Province is facing a critical period of transition from traditional agriculture to modern agriculture. Multiple cropping of farmland can improve the level of land use and welfare of farmers. Therefore, it is of great significance to explore the poverty reduction effect of multiple cropping of farmland.



Sample and data source

We use the data from the field survey data of households in Hubei Province in 2018. The survey covered basic information on household population, natural and physical assets, production and operation conditions, land transfer behavior, farmers’ policy cognition, etc. The research site was in the Jianli and Qichun counties of Hubei Province, involving a total of 44 villages in 11 towns. Twenty-six households were investigated in each village, and a total of 1,144 households were investigated. Twenty-four invalid questionnaires were removed, and a total of 1,120 valid samples were obtained. In addition, the farmers in this paper are small farmers with a small operating area.



Definition of variables


Relative poverty

There is currently no fixed method for measuring the relative poverty of rural households. The per capita income of the family has always been the conventional method to measure poverty, but the per capita income does not consider the family structure. If only the per capita income is used to measure, it may lead to the problem of “false poverty.” At present, the mainstream method for measuring relative poverty in the world is 50% of the median per capita income stipulated by the Organization for Economic Co-operation and Development (OECD) (Parodi and Sciulli, 2012; Zhang et al., 2021). This method solves the problem of differences in family structure through the “family equivalent size adjustment coefficient” and then accurately measures the level of family welfare. In addition, due to the long-term and unobservable nature of poverty, this paper does not directly use the per capita income adjusted by the equivalent scale to measure relative poverty. Rather, it calculates the poverty vulnerability of farmers based on per capita income. Poverty vulnerability indicates the probability of farmers falling into poverty or inability to get out of poverty in the future, which is more instructive for future poverty reduction work.



Multiple cropping behavior of farmlands

Multiple cropping is one of the effective ways to improve land intensification, but the difference in farmland conditions will affect the potential farmland’s willingness to engage in multiple cropping. There is more than one type of farmland in our survey, and this paper includes all kinds of farmland, including paddy fields and dryland. This paper focuses on the intention and degree of multiple cropping to investigate the multiple cropping behavior of different types of farmland. The following six variables were used to measure; whether the farmland was engaged in multiple cropping, whether the paddy field had multiple cropping, whether the dryland had multiple cropping, the farmland multiple cropping index, the paddy field multiple cropping index, and the dryland multiple cropping index.



Control variables

In this paper, variables affecting household wealth and farming are selected as control variables. Table 1 is the calculation method and descriptive statistics of the variables. The control variables are selected as follows:


TABLE 1    Descriptive statistics of all variables.
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•Hours of work per capita. Higher migrant income is more likely to reduce poverty.

•Family training ratio. Skills training can enhance human capital and enhance job competitiveness.

•Family burden coefficient. A too-large family burden coefficient can easily lead to family poverty.

•Percentage of family coverage. New rural cooperative endowment insurance can effectively alleviate the risk of a family falling into poverty.

•Per capita household area. The greater the land area, the stronger the ability to resist risk.

•Household transfer area. Transferring land is more conducive to scale operations and poverty reduction.

•Irrigation ratio of farmland. Irrigation facilities can increase agricultural productivity and resist natural disasters.

•Number of varieties planted. Diversified planting can share the loss of natural disasters, but too many varieties will lead to the loss of productivity.

•Climate Change. Weather anomalies can affect agricultural production and exacerbate poverty.






Model


Measurement of relative poverty


(1)We calculated the household per capita comparable income. The cost of living varies according to family size, structure, and level of education, and some goods (televisions, refrigerators, air conditioners, etc.) have shared characteristics. Measurements of poverty using household per capita income would result in families with different structures but the same per capita income being classified as homogeneous poor families. Therefore, “household per capita comparable income” needs to be calculated. The equivalent size adjustment coefficient is used to measure the welfare level of families with different characteristics. It is the ratio of the general family expenditure level to the standard family expenditure level. In this paper, the OECD equivalent scale adjustment method was used to assign the coefficient of the first adult in the family to 1, the coefficient of an additional adult to 0.7, and the coefficient of children under 14 years old to 0.5.

(2)Relative poverty measurement method. The three-stage feasible generalized least square method is used to measure the relative poverty. The measurement method is as follows:



[image: image]

In Eq. 1, i means farmers and t means time, Y is the welfare level of farmers (per capita income), Z is the relative poverty standard, Vit is the relative poverty of peasant household i in the period of t, Yi,t+1 is the welfare level of peasant household i in the period of t+1, namely the relative poverty value:
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Model of whether the farmland is engaged in multiple cropping

Multiple cropping will increase agricultural output and cost. Assuming that the potential net income per unit of farmer i with and without multiple cropping is [image: image] and [image: image], respectively, and that the condition for selecting multiple cropping is [image: image][image: image], then the decision model for choosing multiple cropping is:

[image: image]

In Eq. 3, Gi is whether to choose the farmland for multiple cropping. If famers choose the farmland for multiple cropping, Gi will equal 1; otherwise, it will equal 0; and the relative poverty value Vi is:

[image: image]

In Eq. 4, Xi is the covariable, α and β are the parameters to be estimated, and εi is the random error term. In this paper, we take Eq. 3 as the Decision Equation; and Eq. 4 is used as the Outcome Equation.

To simultaneously solve the problems of missing variables and endogeneity, this paper uses the Endogenous Switching Regression (ESR) method proposed by Lokshin and Sajaia (2004). Comparing the expected values of relative poverty of households with and without multiple cropping, the average treatment effect of the treated (ATT) is:

[image: image]

The average treatment effect of the untreated (ATU) is:
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Impact of multiple cropping on farmers’ relative poverty

To infer the causal relationship between the multiple cropping index of farmland and relative poverty, an evaluation model that can handle the key variables as continuous variables is needed (Lokshin and Sajaia, 2004). The generalized propensity score matching (GPSM) method can be used for estimation and the operation idea is as follows:

Given the covariable X, the maximum likelihood method is used to estimate the conditional probability distribution H(Ti) of the continuous processing variable T:

[image: image]

The expected value of the result variable Fi when the processing variable is t:

[image: image]

In Eq. 8, N is the sample observation value, [image: image] is the conditional probability density prediction value of the treatment variable, and the value range of the treatment variable [image: image] is divided into N subintervals [image: image]. In each subinterval, the causal effect of the multiple cropping index on the relative poverty of farmers can be estimated.





Empirical results

Table 2 shows the simultaneous estimation results of the multiple cropping of all farmlands and paddy fields, and the relative poverty model of farmers. Columns (1)–(3) of Table 3 are the simultaneous estimation results of the dryland multi-cropping and rural household relative poverty model, and columns (4)–(6) are the estimation results of the instrumental variables of the whole sample.


TABLE 2    Estimated results of the endogenous conversion model for multiple cropping.
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TABLE 3    Endogenous conversion model estimation results of dryland multiple cropping and the regression results of instrumental variables.

[image: Table 3]


The Endogenous Switching Regression model results and analysis on the relative poverty of farmers by multiple cropping of all farmlands

From the total sample, the LR value at 1% rejects the null hypothesis that the equation and the result equation are independent of each other, while Wald value at 1% passes the test, indicating that the fitting effect is good. ρμ1 and ρμ2 are significant at the 1% level. This indicates that the multiple planting households and the non-multiple planting households are not randomly allocated. Farmers will adjust according to the change of utility before and after multiple planting, so there is a problem of self-selection. The negative ρμ1 indicates that the relative poverty of households with multiple seeds is lower than that of other households in the sample, and the negative ρμ2 indicates that the relative poverty of households without multiple seeds is higher than that of other households in the sample.

Column (1) of Table 2 reports the estimated results of the relative poverty of farmers using multiple cropping. Column (2) is the estimated result of the relative poverty of farmers who have not adopted multiple cropping, and Column (3) is the regression result of the multiple cropping selection model of farmland. The results show that family training significantly reduced the probability of selecting farmlands for multiple cropping. This suggests that the more skilled a household is, the more likely it is to be engaged in off-farm work. The family burden coefficient significantly reduced the probability of selecting farmlands for multiple cropping, because there were more old people and children in the family. A large number of old people and children leads to an insufficient labor force to improve the degree of farmland use. The per capita household area significantly increased the probability of multiple cropping of farmland, because land scale management can improve income and increase the willingness to adopt multiple cropping. The transferred area of households significantly increased the probability of multiple cropping of farmland, indicating that households had a strong enthusiasm for farming, and the land utilization rate would be improved to the maximum extent after the transfer of land. The number of cultivated varieties significantly promoted the probability of multiple cropping of farmland, which indicated that farmers tried not to leave land idle under the condition of considering the seasonal growth of different types of crops in order to maximize the use of farmland. Abnormal climate change significantly reduces the probability of multiple cropping of farmland. Extreme weather change will lead to agricultural yield reduction or even failure. Therefore, climate change will cause farmers to reduce agricultural input by reducing the multiple cropping of farmland.

To verify the effectiveness of instrumental variables, family farming time and village average multiple cropping index were considered in the model as instrumental variables for regression. The estimation results show that family farming time and village average multiple cropping index have a significant impact on the decision of multiple cropping, but have an insignificant impact on the relative poverty of farmers. Since the number of instrumental variables is greater than the number of endogenous variables, the instrumental variables need to be tested for over-identification and weak instrumental variables. The F-test statistic value of the instrumental variables in the first stage of the model is 25.22, greater than the empirical rule of the F-test statistic value of 10. This indicates that the model does not have weak instrumental variables. The P-value of the over-identification test result is 0.000, indicating that there is no over-identification problem in the model. Family farming time can significantly increase the probability of multiple cropping of farmland. This is because families allocate more time to agricultural production, which will increase land utilization. The average multiple cropping index in the village can significantly increase the probability of multiple cropping of farmland, indicating that there is a “same group effect” in a rural society.



The Endogenous Switching Regression estimation results of different types of farmland multiple cropping on the relative poverty of farmers

Column (1)–(3) of Table 3 shows the impact of multiple cropping decisions on farmers’ relative poverty in dryland, and Column (4)–(6) estimates the results of instrumental variables in the full sample. From the dryland samples, the LR and Wald values indicate that the model has a good fitting effect. ρμ1 and ρμ2 indicate the existence of a self-selection problem. Column (4) and (5) of Table 2 are the estimated results of farmers’ relative poverty to multiple cropping in paddy fields and non-multiple cropping in paddy fields. Column (6) shows the regression results of the selection and decision model of multiple cropping in paddy fields. The per capita labor time will significantly reduce the probability of multiple cropping of paddy fields, which may be because household labor time occupies agricultural labor time to some extent, and households with more labor will not improve the land use degree too much. The per capita area of a household will significantly increase the probability of multiple cropping of paddy field, while the transferred area of a household will significantly reduce the probability of multiple cropping of paddy fields. The irrigation ratio of farmland will significantly reduce the probability of multiple cropping in paddy fields, possibly because good irrigation facilities can guarantee agricultural production efficiency, effectively improve farmers’ enthusiasm for farming, and improve the degree of farmland use. The instrumental variable of family farming time was not significant, but the instrumental variable of the average village multiple cropping index was significant at the 1% level, indicating that the endogeneity problem should be solved. In the model, the F-test statistic of the instrumental variable in the first stage is 26.35, which is greater than the empirical rule of F-test statistic 10. This indicates that there is no weak instrumental variable in the model. The P-value of the over-identification test result is 0.000, indicating that there is no over-identification problem in the model.



The treatment effect of multiple cropping decision on farmers’ relative poverty

The treatment effect of a multiple cropping decision on the relative poverty of farmers is shown in Table 4. In general, the multiple cropping decision has a significant negative effect on the relative poverty of farmers. Among them, the ATT value shows that, under the counterfactual condition, the relative poverty of farmers who have actually adopted multiple cropping of farmland will increase by 0.1302 units or 28.43% when they do not adopt multiple cropping of farmland. According to the ATU value, the relative poverty of the farmers who did not adopt multiple cropping of farmland will decrease by 0.1308 units, or 29.57%, when they adopt multiple cropping of farmlands for agricultural production. This indicates that multiple cropping of farmland can effectively reduce the relative poverty of the farmers. Furthermore, the endogenous transformation regression model and counterfactual framework were used to analyze the treatment effect of multiple cropping of different types of farmland on households’ relative poverty. The average treatment effect of multiple cropping decision of all types of farmland had significant negative influence. Among them, the ATT value showed that if farmers with multiple cropping of paddy fields and dryland did not adopt multiple cropping of farmland, their relative poverty would increase by 0.1482 and 0.0331, respectively. This translates to increases of 30.4 and 7.6%, respectively. The ATU value showed that if the farmers who did not engage in multiply cropping in paddy fields and dryland adopted the double cropping in farmland, their relative poverty would decrease by 0.2193 and 0.0917, respectively, or by 30.4 and 7.6%, respectively.


TABLE 4    The average treatment effect of multiple cropping of various types of farmland on relative poverty.
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In conclusion, adopting multiple cropping in paddy fields can reduce the relative poverty of farmers better than adopting multiple cropping in dryland. The possible reasons are as follows: First, paddy fields mostly plant wheat, rice and other field crops. Field crops generally consume less labor and time than cash crops, thus saving labor and increasing family income. Second, because the main crop of paddy fields is grain, the grain income is low. Therefore, the index of multiple cropping in dryland was higher than that of paddy fields, and the space for the improvement of multiple cropping in paddy fields was larger. Third, paddy fields planted with food crops can get more agricultural subsidies, stimulating farmers to improve the degree of multiple cropping of paddy fields to a certain extent.

To test the robustness of the endogenous transformation regression model, Columns (5)–(7) of Table 3 presents the regression results of instrumental variables based on all farmland samples, paddy field samples and dryland samples. The comparison between the results of the instrumental variable estimation and those of the ESR model shows that the instrumental variable method overestimates the effect of the multiple cropping decision on the relative poverty of farmers. However, the results of the instrumental variable estimation are consistent with the results of the ESR model in significance and direction. To more vividly reflect the effect of the decision of multiple cropping of farmland on the reduction of households’ relative poverty, Figure 1 lists the probability density distribution map of households’ relative poverty under the scenarios of multiple cropping of farmland or not. Figure 1A shows that, in the counterfactual case, the probability density distribution curve of relative poverty shifts to the right if the households adopting multiple cropping of farmland do not adopt it, indicating that the sample selection bias is solved, the multiple cropping of farmland will significantly reduce the households’ relative poverty (ATT = −0.1302). As shown in Figure 1B, in the counterfactual case, if farmers who do not adopt multiple cropping of farmland adopted it, the probability density distribution curve of their relative poverty would shift to the left, indicating that the relative poverty of farmers without multiple cropping of farmland would be reduced after the adoption of multiple cropping (ATT = −0.1308). Due to the limitation of space, the probability density map of relative poverty of farmers’ multiple cropping in paddy field samples and dryland samples was not provided.


[image: image]

FIGURE 1
Relative poverty probability density of farmers with multiple crops (A) and no multiple crops (B).




Generalized propensity score matching estimation of the degree of multiple cropping on the relative poverty of farmers

The endogenous transformation regression model was used to evaluate the processing effect of multiple cropping on the relative poverty of farmers, but the processing variable of ESR model could not be a continuous variable. The GPSM model was used to evaluate the net benefits of the multiple cropping index on the relative poverty of farmers. First, the Fractional Logit model was used to estimate the generalized propensity score, and a balance test was conducted on the samples. The test results are shown in Table 5. All the covariables had no significant effect on relative poverty, indicating that the selection of covariables was reasonable. According to the balance test idea of Hirano and Imbens (2004), 0.2 and 0.6 were taken as critical points, and the samples were divided into three groups to test the difference of conditional mean values of matching variables in three subintervals after multiple cropping matching of different types of farmland. The mean deviation is not significant, indicating that there is no systematic difference between the matching variables. Thus, it meets the assumption of balance. Then, the conditional expectation of the relative poverty of multi-cropping households of different types of farmland was calculated using the second-order approximation formula. The results showed that the estimated coefficients of the multi-cropping index and its square of different types of farmland were significant at the 1% level, and the estimated coefficients of the propensity score variable and its square were significant at the 1% level. The interaction between multiple cropping index and propensity score variables is significant at the 5% level.


TABLE 5    Generalized propensity score matching estimation and balance test results.
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Table 6 shows the estimated results of the GPSM processing effect. According to Eq. 8, the expected value and marginal change of agricultural production costs of different types of land circulation areas at different treatment levels can be estimated. According to the estimated results, the treatment effects of multiple cropping index in all farmlands, paddy fields, and dryland experienced a change from positive to negative effects. However, not all positive effects passed the significance test, while all negative effects passed the significance test. The treatment effects of the three types of farmland all showed an increasing trend with the increase of multiple cropping index, but the marginal effects were different among plots. From the perspective of the relative poverty of farmers, when the multiple cropping index of different types of farmland was at the treatment level of 0∼0.03, increasing the multiple cropping index of farmland would reduce the relative poverty of farmers, but the effect was not obvious. When the treatment level exceeded 0.3, the treatment effect of multiple cropping index of different types of farmland improved more obviously. The main reason is that when the multiple cropping index of farmland is low, farmers do not make full use of land, which is inevitably not conducive to reducing the relative poverty. When the multiple cropping index of farmland exceeds a certain threshold, the effect of the multiple cropping index of farmland on reducing the relative poverty of farmers will continue to expand. From the perspective of multiple cropping index of different types of farmland, the marginal effect of multiple cropping in paddy fields at different treatment levels was significantly higher than that in dryland, and the increasing trend of the marginal effect of multiple cropping in paddy fields was more obvious. The possible reason is that under the same multiple cropping index tillage condition, multiple cropping of paddy field can increase family income more significantly, while significantly reducing the relative poverty of farmers.


TABLE 6    Generalized propensity score matching treatment effect estimation results.
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According to the expected value and marginal effect, the treatment effect function of different types of farmland multiple cropping indices on the relative poverty of farmers can be obtained. Figures 2A–C represent the functional diagrams of the treatment effects of the total cropland MCI, the paddy field MCI, and the dryland MCI on the relative poverty of farmers, respectively. The solid line in Figure 2 represents the functional relationship between the multiple cropping index of different types of farmlands and the relative poverty of farmers. The two dotted lines outside the two represent the 95% upper and lower confidence limits of the GPS estimation function, respectively. Figure 2 clearly shows that the effect of the multi-cropping index of farmland in reducing the relative poverty of farmers does increase in scale. Also, the curve of the treatment effect of the multi-cropping index of paddy fields is significantly more curved, indicating that the treatment effect of multi-cropping in paddy fields is greater.


[image: image]

FIGURE 2
Schematic diagram of the treatment effect function of all farmland (A), paddy field (B), and dryland (C) multiple cropping index on the relative poverty.




The mechanism of multiple cropping to the relative poverty of farmers

The multiple cropping of farmlands may affect the relative poverty of farmers through two paths. One is by increasing agricultural planting income and reducing the relative poverty of farmers through the yield improvement path; the other is by improving factor utilization rate and reducing the agricultural planting cost and the relative poverty of farmers through the factor intensive path. The mediating effect method was used to test the above two action paths (Peng et al., 2019).


Test the mediating effect of yield increase

To quantify the yield increase, the average output per unit was used as a mediating variable. Column (1) in Table 7 shows that the multiple cropping of farmland has a significant impact on the relative poverty of farmers, with an estimated coefficient of −0.0305. Column (2) shows that the multiple cropping index of farmland can significantly increase agricultural output, which means that the multiple cropping of farmland increases agricultural income. The two variables in Column (3) have passed the significance test, indicating that the impact of the mediator variable on the relative poverty of farmers is still significant after controlling for the influence of multiple cropping of farmland. According to the significance of each variable parameter estimate, the mediating effect of average output per unit exists, but it is a partial mediating effect, and the proportion of the mediating effect in the total utility is 0.31. This means that about 31% of the impact of multiple cropping of farmland on the relative poverty of farmers in the sample area is realized through the mediating effect of the variable of average output per unit. In other words, the multiple cropping of farmland affects “farmers” income by changing the agricultural per unit output value, which to a certain extent verifies the authenticity of the existence of the path of yield improvement.


TABLE 7    The mechanism of multiple cropping on relative poverty.
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Test of mediating effect of factor intensive path

Column (5) shows that the multiple cropping of farmlands can significantly improve the agricultural factor utilization ratio, indicating that the factor intensification after participating in the multiple cropping of farmland can indeed help to improve the agricultural factor utilization ratio. Column (6) shows that after controlling for the effect of the multiple cropping variable, factory utilization rate, as a mediating variable, still has a significant inhibiting effect on the relative poverty of farmers. As the estimated value of correlation coefficient in Column (4) ∼ (6) all passed the significance test, it could be concluded that there was a mediating effect of factory utilization variables. However, it was still a partial mediating effect rather than a complete mediating effect, and the proportion of the mediating effect to the total effect was 0.19. Therefore, it can be concluded that about 19% of the impact of multiple cropping of farmland on the relative poverty of farmers is realized through the mediating role of factor use rate variable. This means that the multiple cropping of farmland improves the agricultural factor use rate and thus increases the income level of farmers, which to some extent confirms the authenticity of the existence of the factor intensive path.



Further study: Analysis without the equivalent scale adjustment factor

Furthermore, the relative poverty value and the difference of the effect of multiple cropping on poverty reduction of farmland were used without adjusting for household equivalent size. Table 8 shows the values of family size, per capita income, and relative poverty before and after adjusting for equivalent size. The last line in the table is the mean value of each variable. The table shows that the family size in the sample ranges from 1 to 10 people, with an average value of 4.1, which is reflective of the actual situation in China’s rural areas. The adjusted family size ranges from 1 to 4.81, with an average value of 2.43. Both the number of families and the mean value are significantly smaller than those before the adjustment. The pre-adjustment value of per capita income is significantly less than the adjusted per capita income, and the pre-adjustment value of relative poverty value is significantly greater than the adjusted relative poverty. If the household demographic structure is not considered and a direct calculation on the basis of family per capita income is done, there will be a serious interference to measure poverty, causing a “false poverty” problem.


TABLE 8    Comparison of family characteristics before and after adjustment of equivalent size.
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Then, the relative poverty value calculated based on unadjusted household per capita income was used for regression analysis. Table 9 estimates the average treatment effect of multiple cropping of various types of farmland on relative poverty using the endogenous transformation model. The table shows that the multiple cropping behavior of all types of farmlands has a significant negative impact on the relative poverty of farmers, indicating that the regression model has a strong stability. Under the counterfactor condition, the relative poverty of farmers who have actually adopted the method of multiple cropping of farmland will increase by 0.1504 units, with an increase ratio of 31.7. The estimated results of ATU show that the relative poverty of farmers who did not adopt the multi-cropping method would be reduced by 0.1019 units, with a decrease ratio of 27.2%. The estimated results of ATT show that if farmers with multiple cropping in paddy fields and multiple cropping in dryland do not adopt multiple cropping in their farmlands, their relative poverty will increase by 0.1772 and 0.1129, or 35.3 and 25.3%, respectively. The estimated results of ATU show that if the farmers with non-multiple cropping in paddy fields and non-multiple cropping in dryland adopted the method of multiple cropping in farmland, their relative poverty would be reduced by 0.1626 and 0.2041, respectively, with a decrease ratio of 26.3 and 72.3%. In general, the ATT treatment effect of multiple cropping of all types of farmland is higher than the adjusted estimated value, indicating that the estimated result of unadjusted family per capita income will be higher.


TABLE 9    The average treatment effect of multiple cropping of various types of farmland on relative poverty before the equivalent scale adjustment.
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Table 10 shows the net effect of the farmland multiple cropping index on the relative poverty of farmers estimated by the GPSM method before adjusting the equivalent scale. The table shows that the negative treatment effect of the multiple cropping index of each type of farmland passed the significance test. The treatment effect of the three types of farmland showed an increasing trend with the increase of the multiple cropping index, but the treatment effect of the multiple cropping index of paddy fields was higher than that of dryland, indicating that the estimated results had a strong robustness. The per capita income before adjustment is significantly smaller than the adjusted per capita income, and the relative poverty before adjustment is significantly larger than the relative poverty after adjustment. It shows that if the family per capita income is directly calculated without dealing with the family population structure, it will seriously interfere with the poverty measurement, and even cause the problem of “false poverty.”


TABLE 10    Estimated results of generalized propensity score matching treatment effects before equivalence scale adjustment.
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Conclusion and policy insight

Based on a field survey of 1,120 rural households in Hubei Province, this paper analyzed the impact of multiple cropping of farmlands on the relative poverty of farmers. It used the endogenous transformation regression model and GPSM model. The research conclusions are as follows: First, in general, the multiple cropping of farmlands can increase relative poverty, and this conclusion is confirmed by counterfactual test. Second, the poverty reduction effect of multiple cropping on different farmland types is different, and the poverty reduction effect of multiple cropping in paddy fields is higher than that of dryland. Third, all the treatment effects of the multiple cropping index of farmlands, paddy fields, and dryland changed from positive to negative, but not all the positive effects passed the significance test, while all the negative effects passed the significance test. The treatment effect of the three types of farmland showed an increasing trend with the increase of multiple cropping index, but the marginal effect was different with the farmland type, and the poverty reduction effect of multiple cropping in paddy fields was greater. Fourth, the per capita working time, the proportion of household training, the proportion of households participating in insurance, and abnormal climate changes have a significant inhibitory effect on the multi-cropping of farmlands. The per capita area of households, the transferred area of households, the proportion of cultivated land irrigated, and the number of planted varieties play significant roles in promoting the multi-cropping of farmers’ farmland. The treatment effects of the three types of farmland showed an increasing trend with the increase of the multiple cropping index, but there were differences in the marginal effects of the plot types, and the poverty reduction effect of the multiple cropping of paddy fields was greater. Fifth, multi-cropping of cultivated land not only directly affects the relative poverty of farmers, but also affects the relative poverty of farmers through the partial mediation effect of the yield improvement path and the factor intensification path. The mediating effects of these two paths account for 31 and 19% of the total utility, respectively. Sixth, it is necessary to use the equivalent scale adjustment method to scientifically measure the welfare level of farmers, so as to reduce the impact of family structure on the measurement of farmers’ welfare level. Moreover, when the government formulates support policies, it needs to consider both the population size and family structure of farmers.

The following insight can be drawn from this research: First, while increasing farmers’ income through improving agricultural productivity, multiple cropping of farmland can also reduce the relative poverty of farmers. Therefore, it is of great practical significance to further promote the pattern of multiple cropping of farmland to improve the relative poverty of farmers. Second, there are significant differences in the poverty reduction effects of multiple cropping of different types of farmland, which helps to clarify the mechanism of multiple cropping of farmland on the improvement of farmland use efficiency and promote the rational choice of multiple cropping mode of farmland. Third, the government should correctly guide different types of farmers to rationally choose the corresponding pattern of multiple cropping of farmland considering the group differences in poverty reduction under multiple cropping of farmland. The government should also give preferential policies to farmers with inferior endowments. Fourth, there is a need to strengthen the construction of farmland-related supporting infrastructure and the corresponding technical support for the multiple cropping of farmland. This will help create conditions that further improve the multiple cropping of farmers’ farmland.

However, this paper has certain limitations. This paper focuses on the impact of multi-cropping paddy fields and dryland on the relative poverty of farmers, but does not analyze the poverty reduction effect of multiple cropping of farmland in different terrains. Topography is an objective factor affecting multiple cropping. Although the control variables have been used in this paper, it is still important to study the subdivision of cultivated land topography. In addition, although the process of using statistical data to calculate the multiple cropping index is simple, the calculation results have problems such as information lag, inability to reflect the spatial heterogeneity within the statistical unit, and low precision. Remote sensing technology has been used to monitor cropland MCI due to its advantages of large scale, high timeliness, and low cost, but it is generally used to measure cropland MCI at the regional level. Due to the limited measurement methods and the research object of farmers, this paper mainly uses statistical data to calculate the multiple cropping index. In the future, remote sensing technology can be used to more accurately measure the farmland multiple cropping index at the farmer level. In addition, due to the limited data, this paper only uses the data from the farmer survey in Hubei Province to analyze the poverty reduction effect of multiple cropping on farmland. China’s land area is relatively large, and the effect of multiple cropping of farmland in different regions should be different. Therefore, the findings of this paper need to be further tested with more data from other provinces or other countries.
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